were subjected to artificial illumination in large field enclosures (2-ha sandy-substrate plots in the Negev Desert, Israel). The illumination was similar to that provided by a full moon and was used to mimic the elevated risk of avian predation that accompanies a full moon. We artificially illuminated the enclosures during all hours of darkness for 3 consecutive months. In some cases, we also added individuals of Gerbillus pyramidum Geoffroy, 1825 to provide a competitive challenge for the G. allenbyi. In the presence of the light source, individuals of G. allenbyi shifted their foraging activity to favor experimental areas of darkness. They also foraged less in the open and more beneath bushes. In the absence of the light source, G. allenbyi shifted its activity from the subplot with G. pyramidum to the subplot without the competitor. However, the competitive effect of the G. pyramidum disappeared in plots that were artificially illuminated. These results closely resemble those of earlier experiments during which we increased the apparent risk of predation in brief pulses lasting only 2 h/night. Thomas, 1918) à un éclairement artificiel dans de grands enclos en nature (des parcelles de 2 ha à substrat sablonneux dans le désert de Néguev, Israël). L'éclairement correspondait à celui de la pleine lune et a servi à évaluer le risque accru de prédation par les oiseaux qui accompagne la pleine lune. Cet éclairement a été maintenu durant toutes les périodes d'obscurité pendant trois mois d'affilée. Dans certains cas, nous avons introduit des individus de Gerbillus pyramidum Geoffroy, 1825 pour provoquer un défi de compétition chez G. allenbyi. Durant l'éclairement, les individus de G. allenbyi déplacent leurs activités de recherche de nourriture vers les zones d'obscurité. Ils recherchent aussi leur nourriture moins dans les zones exposées et plus sous les buissons. En absence d'éclairement, les G. allenbyi sont moins actifs dans la partie de la parcelle qui contient G. pyramidum et plus actif dans celle où il est absent. Cependant, l'effet de compétition créé par la présence de G. pyramidum disparaît dans les parcelles soumises à l'éclairement artificiel. Ces résultats ressemblent beaucoup à ceux que nous avons obtenus dans des expériences antérieures durant lesquelles nous avons augmenté le risque apparent de pré-dation pour de courtes périodes de seulement 2 h/nuit.
Introduction
Potential victims belonging to many animal species should and do modify their behavior in response to variations in predatory risk (e.g., Sih et al. 1982; Lima 1987; Kotler and Holt 1989; Werner and Anholt 1996) . Do such modifications depend on the time scale of the risk?
For example, we administered 2-h pulses of predatory risk to a psammophilic gerbil (Gerbillus allenbyi Thomas, 1918) in 1-ha field enclosures and measured their response (Abramsky et al. , 2002 . Gerbils shifted their foraging to an adjacent risk-free hectare in proportion to the risk intensity. Moreover, in the presence of risk (Abramsky et al. 1998) , foraging G. allenbyi stopped responding to the presence of competition from its congener Gerbillus pyramidum Geoffroy, 1825.
But gerbils did not need to pay a very high price for avoiding the 2-h predation risk pulses (Abramsky et al. 1996) . As soon as we removed the risk, gerbils compensated for their reduced activity by increasing their activity the very night of the pulse. And the presence of extra risk during one night had no influence on the gerbils' activity during the following night. Thus, although our short-pulse experiments lasted several weeks, each night's effect vanished quickly leaving little or no lasting effect on the amount of food that the gerbils collected (Abramsky et al. 1996) . Indeed, the risk allocation hypothesis of Lima and Bednekoff (1999) is based on the notion that prey adaptively allocate their foraging efforts, and thus, their exposure to predation risk across highand low-risk situations (Sih et al. 2000) . Namely, under short-term risk of predation the prey may behave in a way that reduces interspecific competition.
A chronically elevated risk might evoke a different set of behavioral adjustments. If risk were to be sustained over a long time scale, reductions in foraging might lead to significant reductions in the amount of food collected and, thus, to reduced forager fitness. Then foragers would not be able to avoid foraging in the presence of elevated risk. Their responses to short pulses of risk would not accurately reflect those that need to be made to chronic risk.
In the present paper, we report the results of experiments to determine the responses of gerbils to chronic risk and to compare them with their previously described responses to brief pulses. We measured the response of our principal target species, G. allenbyi, to the interspecific competition of its congener, G. pyramidum, with and without the risk. We observed their activity level, habitat distribution, and microand macro-habitat selection in various experimental conditions. Then we used the changes in habitat distribution to estimate the biotic interaction coefficients.
Models of predators interacting with two victim species display a rich variety of dynamic outcomes (e.g., Gilpin 1972; Abrams 1977; Vance 1978; May 1981; Holt 1984) . Indeed, many experimental field studies show that predation enhances coexistence in some cases (e.g., Dayton 1973; Paine 1974) ; however, just as many studies show that predation decreases the number of coexisting species in other cases (e.g., Paine and Vadas 1969; Janzen 1976) .
We hypothesized that animals should change their foraging patterns depending on the costs of predation relative to costs of competition to optimize fitness. We predicted that unlike short pulses under conditions of chronic predation risk gerbils would not be able to ignore the cost of competition and, thus, would also respond to the presence of a competitor. As the reader will see below our prediction failed. Not only did many responses stay the same, under certain circumstances, risk actually seemed to change competitors into apparent mutualists. Perhaps the reader will be as surprised as we were by this unexplained result.
Methods

Species
Our experimental system contains two competing species that we have studied intensively for the last 15 years (e.g., Rosenzweig and Abramsky 1997) . Both are psammophilic gerbils with mean masses of 24 g (G. allenbyi) and 40 g (G. pyramidum). They are nocturnal and feed mostly on seeds (Bar et al. 1984) . Both species burrow and prefer semi-stabilized dunes.
Plots
We used six experimental plots: three unenclosed and three enclosed (Fig. 1) . Each plot was 100 m × 200 m (2 ha). The plots were at Holot Mashabim Nature Reserve (31°01′N, 34°45′E), 50 km south of Beer-Sheva, in the Negev Desert, Israel. The reserve consists mostly of stabilized sand and semi-stabilized dune habitats.
Each unenclosed plot (plots 4, 5, and 6) was divided into a pair of square, 1-ha subplots (4i and 4j, 5i and 5j, 6i and 6j). Each subplot of a pair had similar proportions of stabilized sand and semi-stabilized dune. In all three plots, gerbils from both species were free to come and go.
Each enclosed plot (enclosures 1, 2, and 3) was surrounded by a fence made from 6 mm mesh hardware cloth that was buried 40 cm below the soil surface and extending 60 cm above ground. A 15 cm wide ribbon of aluminum flashing atop both sides of the fence prevented rodents from climbing over.
We perforated each 100-m length of fence with between four and six portals (19.7 mm diameter). The portals allowed easy passage of individuals of G. allenbyi; however, adult individuals of G. pyramidum were too large to pass through the portals (Abramsky et al. 1991) . Although young G. pyramidum were small enough to traverse the portals, the study was conducted during the nonreproductive period when young individuals were absent.
Because our experiments lasted so long, we had to be concerned with the artifact known as pen effects (Krebs et al. 1969) . Pen effects are unusual population dynamics observed when small mammals are restricted to experimental enclosures about the size of ours. Often they manifest themselves as population densities that are two, three, or more times as large as those seen in nature. To avoid pen effects, Fig. 1 . Schematic illustration of the study area. Solid rectangles represent the enclosed plots and broken rectangles represent the unenclosed plots. Plots 2 and 3 were separated by 700 m. The scale on the left and the right of the vertically broken line is equal. Each plot is divided into subplots i and j. The location of the plots followed the natural landscape in locations when the proportion of the semi-stabilized dune and stabilized sand were similar.
we simply kept all portals open during all experiments. Therefore, the fences served only to create extreme spatial heterogeneity in the density of G. pyramidum.
Using perforated 100-m fences exactly like those that surrounded an enclosure, we divided each enclosure into a pair of square, 1-ha, matched subplots. Each subplot of a pair had similar proportions of stabilized sand and semistabilized dune. Previous work with G. allenbyi on these subplots showed that the matching was adequate, i.e., in the absence of any experimental treatment, G. allenbyi distributed their foraging activity equally between the subplots of each pair (Abramsky et al. 1991 (Abramsky et al. , 1996 (Abramsky et al. , 2000 (Abramsky et al. , 2002 . Evidence of the successful matching comes from this study too, i.e., with no G. pyramidum and no experimental treatment, G. allenbyi utilized the two subplots of each pair equally (paired t test, t [22] = 0.45, p = 0.66, n = 23). Furthermore, in these experiments, G. allenbyi could go anywhere (portals were always open), allowing us to see whether they perceived any major differences among the entire set of subplots. They did not. With no G. pyramidum present and no experimental treatment, there was no preference in the allocation of G. allenbyi activity among all subplots (F [5, 44] = 0.15, p = 0.98). The successful matching of plots and subplots allowed us to perform different treatments in different plots and to compare their results. Allowing individuals of G. allenbyi in our experiments to move anywhere (within their home ranges) enabled them to alter their local densities at will. (This aspect of the design is very different from that of the short-term experiments.) In fact, individuals of G. allenbyi did change their locations throughout the experiments and the percent similarity in the identity of individuals of G. allenbyi between consecutive trapping sessions in the three unenclosed plots was only 32.00 ± 0.10% (mean ± SD), which was similar to 32.5% in the three enclosures. Percent similarity in the identity of individuals of G. allenbyi between nonconsecutive trappings (every other session) was lower (18.00 ± 0.09%). During a single session, the percent similarity in the identity of individuals of G. allenbyi in adjacent subplots was 6.00 ± 0.02%.
Experimental risk
In previous experiments, risk was either artificial illumination or overflights of a subplot by trained barn owls, Tyto alba (Scopoli, 1769). But risk pulses lasted only 2 h/night. To impose a chronic risk of predation, or at least the perception of a chronic risk on the part of the gerbils, it is not practical to fly trained owls constantly over the experimental areas. One must employ the surrogate variable (artificial illumination).
Artificial illumination is quite effective. Moonlight should help nocturnal predators such as owls to detect and catch their prey (e.g., Lockard and Owings 1974; Clarke 1983; Kotler 1984; Longland and Price 1991) . Thus, moonlit nights should be perceived as a higher risk by victim species such as gerbils. Lockard and Owings (1974) , Clarke (1983) , and Price et al. (1984) showed that moonlit nights could be regarded as nights with increased risk of predation. Nocturnal desert rodents drastically reduce their activity during moonlit nights in a way that is similar to their response to the presence of predators (Daly et al. 1992) . And artificial illumination produces a similar reduction in activity (e.g., Lockard and Owings 1974; Kaufman and Kaufman 1982; Kotler 1984; Price et al. 1984; Kotler et al. 1993) . Moreover, the energetic costs to gerbils generated by owl flights is comparable with the costs imposed by simulated full moonlight (Abramsky et al. 2002) .
Relying on this information, we used artificial full moonlight to simulate a chronic risk of predation that lasts for several months. The artificial illumination was present during all hours of darkness of each night.
We set up a 6 m tall pole in the middle of subplots 1i, 2i, 4i, and 5i. At its top, we placed a 15-W neon light. Each light had a hood that limited the light to a radius of about 45 m. A small generator (450 W) no closer than 900 m to any plot provided energy for the lights. Using a Luna Pro light meter, we determined that the intensity of the artificial light was 7 lx at 0 m from a pole and 0.17 lx at 40 m. The intensity of the full moon in August was 4 lx. We operated the generator and the lights every night except during the 4 nights/month nearest to the full moon. The adjacent subplots of each treatment (1j, 2j, 4j, and 5j) served as controls. In subplots 3i and 3j, we measured interspecific competition in the absence of simulated moonlight. Light intensity in the control subplots was the natural moonlight.
Treatments
The unenclosed plots 4 and 5 was artificially illuminated and contained natural densities of gerbils. Enclosure 1 was also illuminated and contained G. allenbyi, but G. pyramidum were excluded. Enclosure 2 was illuminated and contained both G. pyramidum and G. allenbyi. Enclosure 3 had both gerbil species but was not artificially illuminated. Plot 6 was a control that contained natural densities of gerbils.
All enclosed and unenclosed plots had variations in microhabitat. Light changed in intensity from the centre of the subplot outward. Nevertheless, we treated the data of the subplots as if each one were homogeneous. We did it for all treatment plots and all controls. This should introduce no error, as we did the same thing in the earlier 2-h pulsed experiment (Abramsky et al. 2002) .
Except for plots 4 and 5, the experiments were not replicated spatially. This kind of design is entirely appropriate when working with systems such as ours where treatments are very costly (Hurlbert 1984) . In addition, although there was no spatial replication, there was temporal replication.
Protocol
We began by removing all G. pyramidum from all subplots of all enclosures. Next, for 4 months prior to the initiation of the treatments, we followed the activity of G. allenbyi in all subplots of all enclosures. Then we added four G. pyramidum to subplots 2i and 3i and began the simulated full moonlight treatment in subplots 1i, 2i, 4i, and 5i.
In the middle of the experiment, we removed G. pyramidum from subplot 2i and introduced them to subplot 2j. Thus, in the second enclosure, competition and predation risk worked in tandem in 2i during the first half of the experiment but were instituted in opposite subplots during the second half of the experiment. In several cases the removal of G. pyramidum was not 100% and G. pyramidum occurred in both subplots. But the activity of G. pyramidum in the in-tended subplot was always higher than in the adjacent subplot.
Time frame
We conducted the experiments during the fall of 1999, and between July and December 2000. As a result of a severe drought, G. pyramidum was almost extinct at Holot Mashabim from December 1999 to June 2000 and the population of G. allenbyi was extremely low. Thus, we did not perform treatments during that period. Effectively, this divided our experiments into halves: October-December 1999 and July-December 2000. New individuals of G. pyramidum were introduced to the appropriate enclosed plots in July 2000.
Gerbil activity densities
We measured foraging activity by counting gerbil tracks left in 0.4 m × 0.4 m sand-tracking stations. Sampling the number of tracks in the sand did not interfere with the rodents' natural behavior. Each 1-ha subplot had 40 sandtracking plots arranged in 20 stations. Ten stations were located in semi-stabilized dune and 10 in stabilized sand. At each station, one tracking plot was placed under a shrub and one in the open. We smoothed the stations at dusk and read them at dawn.
We distinguished the tracks of G. pyramidum and G. allenbyi by amputating outside left (G. pyramidum) or right (G. allenbyi) hind-limb toes. We distinguished individuals by forelimb toe amputation.
The score given to a tracking plot depended on footprint coverage and ranged from the following: 0 (no tracks), 1 (1/4 track coverage), 2 (1/2 track coverage), 3 (3/4 track coverage), and 4 (full track coverage). We obtained our measures of foraging activity by summing the activity-density score in all 40 stations of a subplot. AGA is the activity density of G. allenbyi and AGP is the activity density of G. pyramidum.
Activity of the rodents should be, and is, significantly correlated with density (Abramsky et al. , 1991 Mitchell et al. 1990 ). This remained true in the current experiments: AGA = 36.35 + 0.83GA (r = 0.43, p = 0.01, n = 35) where GA is the density of G. allenbyi. Furthermore, Abramsky et al. (1990 Abramsky et al. ( , 1991 , Ziv et al. (1993) , showed that activity data can better assess interactions between gerbils than numbers of gerbils obtained from trapping. Thus, we continue to use AGA and AGP as surrogate variables for actual population densities in our studies.
We measured the activity densities of the gerbils for 1-2 nights every month. In addition, we trapped gerbils on the plots for 1-3 nights every 2nd month. Both activities were done in the enclosed and unenclosed plots. We collected all data during phases of the moon with little or no moonlight.
Statistical analysis
We used standard multiple regressions, ANOVA, ANCOVA, and Student's and paired t tests. The α level was set at 0.05. All proportional data were arcsine transformed for the statistical tests.
Species respond to spatial heterogeneity continuously rather than categorically, i.e., when faced with a variety of habitat types, all individuals of a species do not respond by moving to the best one. Instead they adjust their spatial distributions, creating inequalities in their density that compensate for the inequalities among habitats (Fretwell and Lucas 1970; Fretwell 1972) .
Our method of estimating interactions in the field depends on such density adjustments. It also assumes that the animals doing the adjusting are doing so appropriately, i.e., achieving distributions that approximate an evolutionary stable strategy (ESS). This allows us to measure competitor-competitor isoclines (or at least the perception of these isoclines by foragers). We describe the method elsewhere (Abramsky et al. 1991; Rosenzweig and Abramsky 1997) and in Appendix A.
We could not use the method of Abramsky et al. (1997) to compare the responses of G. allenbyi to predation threats in the present study with the responses from the earlier study. This is because in the present study the full moonlight treatment is a categorical variable (i.e., it is either present or absent), whereas the experimental threat is a continuous variable in the earlier study ; we used various numbers of trained owls flights during different experiments. Thus, we replaced the earlier method with an index that measures the response of the target species (G. allenbyi) to artificial illumination.
We define the response index to be (AGA i -AGA j ) / (AGA i + AGA j ) for the following reasons. The response to a predation threat should be negative, i.e., G. allenbyi should spend more time foraging in dark subplots (j) than in their artificially illuminated twins (i). The index thus begins with the term AGA i -AGA j . But this term has a bias. Its minimum equals -(AGA i + AGA j ), which would occur if all foraging were to take place in the dark subplot. Dividing the first term by AGA i + AGA j yields an index that is a negative proportion of the maximum response. For example, the result from one trial is as follows: if AGA i = 33.5 and AGA j = 63.0, then the difference is -29.5 and the response index is −0.306.
In summary, the response index can vary between 0 and −1. And a large negative value of the index indicates a large response to illumination, whereas a small negative value indicates a small response.
Results
Activity and distance from light
In all plots with artificial illumination, gerbil activity increased significantly as a function of the distance from the centre of the subplots where the light pole was located out to about 45 m, which was as far as the simulated moonlight traveled. This was true in the unenclosed subplots 4i and 5i and in enclosures 1i and 2i, one of which also had the competitor G. pyramidum (Figs. 2A, 3A, and 3B) .
In contrast, subplots without artificial illumination usually did not show the trend. Whether unenclosed (4j, 5j, 6i, and 6j) or enclosed (1j, 2j, 3i, and 3j), AGA did not vary with distance from the centre (Figs. 2B and 3C) .
To test whether the gerbil response to illumination changed during the experiments, we divided the data of plots 4 and 5 between the first and second halves of the experiment. The response of the gerbils to artificial illumination did not change (ANCOVA, F [1, 152] = 0.36, p = 0.61). This re-sult confirmed earlier results in which the effect of time on the magnitude of the interaction coefficients was tested (Abramsky et al. 1991) .
Effect of illumination on gerbil numbers and subplot preferences
Our treatments did not influence the densities of either gerbil species as seen from the unenclosed plots 4 and 5 (Fig. 4) . The ANOVA showed that the numbers of G. allenbyi in illuminated i subplots did not differ from the numbers in j subplots that were not illuminated (F [1, 16] Despite the lack of effect on densities, illumination did affect the way individuals of G. allenbyi used the subplots. Before they were illuminated, about half of G. allenbyi activity was recorded in the i subplots (0.52 ± 0.07). This proportion declined significantly (to 0.37 ± 0.11) after the moonlight treatment was initiated (Student's t test, t [42] = 4.43, p < 0.0001). But individuals of G. pyramidum showed no such change. Before illumination began, 0.61 ± 0.20 of their activity was in i subplots; afterwards, 0.69 ± 0.24 was in i subplots. This increase of 8% was not significant (Student's t test, t [30] = 0.92, p = 0.36), although both propor- . It also did not change on either of the twin unenclosed, unilluminated, control subplots (6i and 6j). The figure shows the combined data for subplots 4i and 5i and for 4j and 5j, but similar trends exist in each separate subplot. Fig. 3 . Activity of Gerbillus allenbyi (AGA; mean ± 1 SE) increased as a function of distance from the centre of the enclosed (subplots 1i and 2i), illuminated subplots (᭹ in A and B). It neither changed on the enclosed (subplots 1j and 2j), unilluminated subplots (᭺ in A and B) nor on the unilluminated subplot (3i) that had Gerbillus pyramidum (᭹ in C) or its (3j) twin subplot (without G. pyramidum; ᭺ in C). In A and B, the AGA regression lines intersect at <55 m, indicating that the impact of the light treatment vanished beyond this distance. In C, as expected, AGA was larger in the twin subplot without G. pyramidum.
tions were significantly larger than those of G. allenbyi (paired t test, t [22] = 6.6, p < 0.0001). Thus, G. allenbyi responded to illumination by moving about 15% of its activity from illuminated to unilluminated subplots, whereas G. pyramidum did not show a significant change in its preference for the i subplots.
We obtained the same result for G. allenbyi in enclosure 1, which had no G. pyramidum. In the illuminated subplot 1i, AGA was significantly lower than that on the adjacent, unilluminated subplot j (paired t test, t [35] = 6.12, p < 0.0001). Gerbillus allenbyi always biased its activity toward the subplot j (16 cases; Fig. 5, ᭺) . This bias was significant (paired t test, t [15] = 4.0, p < 0.001). Abramsky et al. (1997 Abramsky et al. ( , 1998 ) obtained a similar result in enclosures from which G. pyramidum was excluded.
Enclosure 3 had G. pyramidum but had no artificial illumination. In it, G. allenbyi acted as if G. pyramidum was a competitor (Fig. 6, ᭺) . In 19 out of 20 cases, AGA in the subplot without G. pyramidum was higher than AGA in the subplot with G. pyramidum (paired t test, t [20] = 4.7, p < 0.0001). The relationship was quantitatively expressed as AGA = 65.9 -0.73AGP (r = -0.36, p = 0.03, n = 27).
One reason for the low r value of the latter relationship is that the strength of interspecific competition varies depending upon population sizes as predicted by the isoleg theory (Rosenzweig 1981) . We used the method described in Appendix A to quantify this dependence, which is as follows Fig. 4 . Density (mean ± SE) of G. allenbyi (A) and G. pyramidum (B) in the experimental (4i and 5i) and control (4j and 5j) subplots of the two pairs of the unenclosed plots. Fig. 5 . Responses of G. allenbyi to the treat of predation in the absence of G. pyramidum (plot 1) compared with responses in its presence (plot 2). The more negative the response, the stronger the perceived predation cost. The apparent predation coefficients of simulated moonlight on G. allenbyi do not vary with AGA, but this may be a type II error; therefore, we graph the result against AGA anyhow. (A) When G. pyramidum was added to the subplot (2j) opposite the light source, G. allenbyi avoided the illuminated subplot (2i) strongly. These responses by G. allenbyi suggest that G. pyramidum becomes a mutualist in unilluminated plots opposite illuminated ones. (B) However, G. allenbyi did not respond to the addition of G. pyramidum when G. pyramidum was added to the to the same subplot (2i) as the illumination. Competition between G. pyramidum and G. allenbyi was neutralized by the threat of predation. ᭺, illumination only; ᭝, G. pyramidum and illumination in the same subplots; , G. pyramidum and illumination in opposite subplots.
( Fig. 6 ): α a,p = -4.07 + 0.27 AGP where a is G. allenbyi and p is G. pyramidum.
This equation gives the slopes of the isoclines as functions of AGP. Hence, its solution is the set of isocline equations themselves: AGA = -4.07AGP + 0.27AGP 2 /2 + C where C is the constant of integration that determines which isocline the equation describes.
During the experiment, the average values of AGA and AGP were 59 and 10, respectively. Substituting these into the isocline equation yields the value of the constant for the isocline passing through the point (59,10). Its equation is AGA = 86.2 -4.07AGP + 0.27AGP 2 /2.
Combination treatments
Enclosure 2 had both artificial illumination and competition from G. pyramidum. Regardless of the presence of G. pyramidum, G. allenbyi biased its activity in favor of the dark subplot except in two trials (one in the presence of G. pyramidum, one in the absence of G. pyramidum). Using a dummy variable for simulated moonlight (MnLit), the relationship was AGA = 57.1 -17.3MnLit where MnLit was equal to 1 or 0 (r = 0.51, p < 10 -4 ).
Adding the activity of G. pyramidum (AGP) failed to improve the regression significantly (p AGP > 0.32). Hence, when the simulated full moonlight treatment was present, G. pyramidum had no effect on the foraging of G. allenbyi. As in the earlier results from the pulsed risk experiments (Abramsky et al. 1998) , it would seem that the threat of predation had neutralized the effect of interspecific competition. However, we did detect an unexpected interaction when we looked at the illumination responses of G. allenbyi.
Because G. pyramidum is a competitor whose activity is known to reduce AGA, we expected that AGP would act in much the same way as illumination. Thus, we expected that adding G. pyramidum to the illuminated side would further depress AGA on that side, whereas adding them to the dark side would reduce the depression of AGA on the illuminated side. However, the results contradicted that hypothesis.
First, using an ANCOVA (F [1, 35] = 0.99, p = 0.32), we determined that the response of AGA to illumination did not depend significantly on the value of AGA itself in enclosures 1 or 2. Then with an ANOVA (F [2, 37] = 12.5, p = 0.0001), we saw that it did depend on whether G. pyramidum was present and, if present, on whether G. pyramidum was on the illuminated or unilluminated side of the enclosure. Figure 5 compares the responses from enclosure 1 (no G. pyramidum) to those of enclosure 2 (with G. pyramidum) . Figure 5A compares the responses of enclosure 1 (illumination only) to those of enclosure 2 (G. pyramidum in the unilluminated subplot). If G. pyramidum is a competitor in enclosure 2 than the response of G. allenbyi to illumination in enclosure 2 should be weaker than in enclosure 1. The response values from enclosure 1 would have to lie below those of enclosure 2. But instead, they were significantly higher (Student's t test, t [24] = 5.18, p < 0.0001).
Mutualism can be defined as positive feedback between populations (e.g., Holland et al. 2002) . A mutualist added to a habitat therefore increases the value of the habitat for the other species. Gerbillus allenbyi behaved as if G. pyramidum added value to the habitat when light was present in the neighboring hectare. Thus, the behavior of G. allenbyi was what one expected if G. pyramidum were a mutualist rather than a competitor.
Figure 5B compares the responses of enclosure 1 to those of enclosure 2 with G. pyramidum in the illuminated subplot. Our hypothesis now predicted that the response values from enclosure 1 would lie above those of enclosure 2. But they were not significantly different (Student's t test, t [28] = 1.63, p > 0.11). Thus, in the data from Fig. 5B, G. pyramidum appears to have had no interaction with G. allenbyi; the threat of predation overwhelmed it. (There is a possibility of a type II error here because the depressions over very low AGA values may have followed the hypothesis, but we may not have had enough data to show it.)
We used the technique described in Appendix A to calculate the interaction coefficients of G. pyramidum on G. allenbyi without illumination, with illumination + the competitor on the same or opposite side (Fig. 6 ). Using ANCOVA, we established that the competition coefficient did not depend on the value of AGP (F [1, 36] = 1.18, p = 0.29), but it did depend on the treatment (F [2, 36] = 19.6, p = 0.000). 6 . The interaction coefficients of G. pyramidum (GP) on G. allenbyi (GA) as a function of different values of mean activity of GP (AGP) in plots 2 and 3. The more negative the coefficient from the reference line at zero, the stronger the competition. Refer to the appendix for an explanation of how the interaction coefficients were estimated. Plot 3 (no illumination; ᭺): y = -4.1 + 0.27x, r = 0.70, p < 0.01. The decline in the interaction coefficient as AGP grows (over this range of AGP values) was theoretically predicted and was observed previously (Abramsky et al. 1991 (Abramsky et al. , 1994 . Plot 2 (trials with GP and illumination in the same subplot; ): y = -1.9 + 0.10x, r = 0.67, p < 0.01. There was no significant difference between responses to this treatment ( ) and those of the former treatment (᭺). Plot 2 (trials with GP and illumination in opposite subplots; ): r = 0.13, p > 0.30. The response of G. allenbyi to G. pyramidum has shifted significantly and has become positive, suggesting that G. pyramidum acts as a mutualist. Figure 6 compares the responses of enclosure 3 (᭺) to those of enclosure 2 with G. pyramidum in the unilluminated subplot (). Our prediction was that competition from G. pyramidum will reduce the effect of predation (competition and predation are working in opposite directions). In fact, G. allenbyi behaved as a mutualist, ignoring all possible effects from G. pyramidum. Similar results were reported by Abramsky et al. (1998) . Figure 6 also compares the responses of enclosure 3 (᭺) to those of enclosure 2 with G. pyramidum in the illuminated subplot ( ). Our hypothesis predicted that the competition coefficients from enclosure 2 would be higher and thus lie below those of enclosure 3 (competition and predation working in the same direction). This was not the case and the two sets of coefficients were not significantly different (Bonferroni's post hoc test, p = 0.114). The lack of noticeable competitive effect was also found in our earlier 2-h pulses of predatory risk (Abramsky et al. 1998) .
In any case, the presence of simulated moonlight not only neutralized the competitive influence of G. pyramidum, it somehow turned G. pyramidum into a mutualist in one experiment.
Microhabitat selection
The proportion of activity of G. allenbyi in the bush microhabitat of the simulated moonlight subplot i of enclosure 1 (0.62 ± 0.03, mean ± SE) was significantly higher than that in the adjacent subplot j without illumination (0.45 ± 0.05) (paired t test, t [12] = 4.47, p = 0.001). In enclosure 3, the presence of the competitor, G. pyramidum, did not cause such a shift in microhabitat use (paired t test, t [12] = 1.15, p = 0.27). The proportion of activity in subplot 3i was 0.46 ± 0.04, whereas the proportion of activity in subplot 3j was 0.49 ± 0.07.
The combined treatment (enclosure 2) showed that the microhabitat choice of G. pyramidum also depended on simulated moonlight. In subplot 2i, the proportion of their activity under a bush (0.512 ± 0.03) was significantly larger than when they were in subplot 2j (0.27 ± 0.03) (Student's t test, t [21] = 4.24, p < 0.0001).
Discussion
We used the indirect cue (Thorson et al. 1998 ) of artificial moonlight to increase the perceived risk of predation by the nocturnal, psammophilic gerbil G. allenbyi. We maintained the treatments for periods of several months to study the effects of chronic risk of predation on their activity and foraging behavior. We did so in the presence and absence of a larger competitor, G. pyramidum, whose population sizes we adjusted in rodent-proof enclosures.
One of our principal goals was to compare the results of these experiments with those we obtained with risk pulses that we had maintained for only 2 h at a time (Abramsky et al. 1998 ). During such short risk pulses, gerbils reduced their predation risk by decreasing their use of riskier habitat patches without taking interspecific competition into account.
Our results suggest that gerbil behavior is as much influenced by the chronic risk of predation as by a 2-h pulse ( Fig. 2; ANCOVA, F [1,152] = 7.9, p = 0.005). Gerbillus allenbyi reduced its activity in the presence of simulated moonlight and did so quantitatively, i.e., the brighter the light shining on a spot, the greater the reduction until at about 55 m from the light source, the influence of the light vanished ( Figs. 1 and 2) . Moreover, the reduction persisted even in the presence of the further opportunity that might have been created by its competitor G. pyramidum. This is especially interesting and deserves more extensive comment.
Gerbillus pyramidum competes severely with G. allenbyi (Abramsky et al. , 1991 Ziv et al. 1993) . Abramsky et al. (1991) also discovered that G. allenbyi behaved as if G. pyramidum was a competitor. Their equation (Abramsky et al. 1991) for the competitive interaction coefficient of G. pyramidum on G. allenbyi was AGA = 86.3 -4.00AGP + 0.35AGP 2 /2 -0.008AGP 3 /3. Despite the gap of 12 years between studies, the first three terms of that equation were very close to those that we measured in enclosure 3 in the present study. The principal difference was the lack of a cubic term in enclosure 3. But in the older study, the cubic term was associated with values of AGP above 20, a set of values beyond those in enclosure 3. Therefore, our experiments reconfirmed quantitatively the strength of competition from G. pyramidum (Fig. 6 ).
Yet the 2-h pulses of extra predation risk completely overwhelmed the behavioral effects of interspecific competition. Perhaps the short temporal scale of the experiments might explain this surprising result. Indeed, the risk allocation hypothesis of Lima and Bednekoff (1999) is based on the notion that prey adaptively allocate their foraging efforts, and thus, their exposure to predation risk across high-and lowrisk situations (Sih et al. 2000) .
But now we discover that the imposition of chronic risk (lasting more than 6 months) yielded quite similar results. In the presence of simulated moonlight, G. allenbyi ceases behaving as if G. pyramidum competes with it. Instead, they redistribute their foraging activity to avoid much of the risk associated with the light. This shift is not categorical (i.e., some use of illuminated patches continues), illustrating that G. allenbyi foraging continues to be sensitive to intraspecific competition. Only the interspecific competition was ignored.
But G. allenbyi does not entirely ignore G. pyramidum (Fig. 5A ). When we set up a subplot with G. pyramidum and then illuminated its twin, we observed a more intense avoidance of the illuminated side than when G. pyramidum was entirely absent. This response went beyond mere neutralization of the interspecific competition. A subplot with no light and some G. pyramidum was actually more attractive to G. allenbyi than a subplot with neither light nor G. pyramidum (Figs. 5A and 6 ). The chronic predation risk had transformed the G. pyramidum from a negative influence to a positive influence (i.e., a mutualist).
Two things might help to explain why predation utterly neutralizes competition between the gerbil species: (1) the threat of losing a bit of a meal to a competitor may be trivial compared with the threat of never having a chance to eat again and (2) the competitors might alter their behavior in the presence of predation risk in such a way that makes them much less effective competitors.
The first possibility is the "life-dinner" principle (Dawkins and Krebs 1979) ; however, continual loss of meals might also amount to a loss of life. Therefore, if the lifedinner principle was at work in the pulsed-risk experiments, then gerbils should have behaved less tolerantly toward competition during the chronic risk experiments.
The second possibility or "competitive amelioration" is somewhat more promising. We know that G. pyramidum interfere with G. allenbyi in the absence of experimental predation risk (Ziv et al. 1993) . Under risk of predation, perhaps the territorial aggressiveness of G. pyramidum decreased. Abramsky et al. (1998) suggested that the aggressive behavior of G. pyramidum might be eliminated in the presence of predation risk. Indeed, previous work showed that under risk of predation, G. pyramidum did decrease its activity (Abramsky et al. 1996) . This would attenuate the competition. Obviously, more needs to be done to establish the significance of this possibility.
Another hypothesis of competitive amelioration does not seem to hold promise here. It is that under risk of predation, G. pyramidum altered its habitat selection in such a way that weakened the competition. Indeed, in the presence of predation risk, G. pyramidum did change its habitat use. However, it shifted its activity towards the (safer) bush microhabitat in a way similar to the shift exhibited by G. allenbyi. Thus, the habitat shifting should have increased the probability of encounter of the two species and increased interspecific competition. Werner (1991) and Werner and Anholt (1996) observed quite a different outcome when they combined interspecific competition and predation in an experiment with anuran larvae. Despite the presence of a nonlethal predator, competitors significantly affected growth rates and death by starvation of both large and small larvae.
We are not sure what caused the difference between the anurans and the rodents. Perhaps it arose from the fact that we measured behavior rather than growth and survival. If so, and competition was negatively having an impact on gerbil growth and survival in the presence of the chronic predation risk, then maybe reduced growth and survival are the best that the gerbils can manage. Or perhaps, instead, reduced growth and survival would have been evidence that gerbils are not well adapted to chronic predation risks.
In fact, we must not forget the simplest overall explanation for the similarity of responses between time scales. We assume that gerbil behavior has already fully evolved and that it is capable of appropriate, selectively mature responses to predation threats at all scales of time. But these facts may not be true. Predation threats in the desert may be so episodic that potential victims have no possibility to adapt to chronic threats. The only evidence against that hypothesis is the single difference we did observe (i.e., in the presence of chronic predation risk, G. allenbyi did treat G. pyramidum as a mutualist, something that they did not do in the presence of 2-h risk pulses).
Chronic risk may not be a rare phenomena in deserts and other ecosystems. In many deserts, including the Israeli one, large shrubs that can serve as a hunting perch for avian predators are relatively rare. Such perches may be used frequently by avian predators, and thus, the area around these shrubs may suffer from chronic risk of predation. Indeed, hunting from a perch is a very common hunting method for barn owls (e.g., Bunn et al. 1992; Taylor 1994) .
Several other studies on gerbils lend support to the hypothesis that predation is of much more importance to gerbils than competition. We conducted experiments to neutralize extra predation (Abramsky et al. 2002) or extra competition (Abramsky et al. 2000) with added food. It took about twice as much extra food to neutralize the disadvantage of extra predation than it did to neutralize the disadvantage of extra competition. Studies on the energetic costs of predation risk are even more dramatic and have been studied in the field and in an aviary (Kotler and Blaustein 1995) in G. allenbyi and G. pyramidum. Both studies concluded that foraging costs on gerbils are mostly from costs arising from risk of predation.
The present study concerned itself with the effects of interspecific competition and risk of predation on the behavior of G. allenbyi. It did not focus on the behavior of G. pyramidum. In fact, we have not conducted such studies and do not know how they would turn out. But the results obtained in the two unenclosed plots (4 and 5) may hint at what to expect.
In these unenclosed plots, we detected no difference in the densities of the two species between the illuminated and control subplots (Fig. 4) . However, the two species did use the two subplots differently. After the moonlight treatment began, the smaller G. allenbyi shifted much of its activity to the control subplots (from 0.52 ± 0.07 to 0.37 ± 0.05 before and after the light treatment began, respectively). We might suspect that by doing so G. allenbyi opened foraging opportunities for G. pyramidum. However, G. pyramidum did not change its use of the experimental and control subplots significantly (i.e., its proportion before illumination was 0.69 ± 0.24 and afterwards was 0.61 ± 0.20). Perhaps this reflects the superior antipredator adaptations of G. pyramidum.
However, G. pyramidum did respond to illumination. In the illuminated subplot, it shifted its activity to the safer microhabitat under bushes (0.50 ± 0.04) relative to the control subplot (0.35 ± 0.05) (Student's t test, t [9] = 2.60, p < 0.03). Gerbillus pyramidum also responded to illumination by being less active the closer it was to the centre of a subplot where the light pole was placed (i.e., y = -0.15 + 0.012x where x was the distance from the centre and y was the AGP; r = 0.26, p << 0.001). These results seemed to suggest that G. pyramidum responded to illumination similar to G. allenbyi.
Yet, G. pyramidum did not seem to be able to take advantage of the new foraging opportunities created by the shift in AGA, and did not increase its use of the illuminated subplot. Possibly the reduction of competition from G. allenbyi was matched almost exactly by the increase in risk, thus requiring no change in G. pyramidum. However, this seems unlikely given that risk is so much more costly than competition for gerbils Kotler and Blaustein 1995; Abramsky et al. 2002) . Therefore, the results again suggest that under risk of predation interspecific competition between the two gerbil species is negligible. Nevertheless, since the densities of G. pyramidum during this study were usually low (Fig. 4) , one must be very cautious about these conclusions.
Wasserberg for assisting with the statistical analysis. The Israel Science Foundation (grant No. 19/98) supported the research. Fig. A1. (A) The relationship between the fitness of species 2 and its population density (N 2 ) plotted as separate lines for matched patches with different population density values of species 1 (N 1 ). For simplicity, the figure shows an example with straight lines, although curved ones would do as well. Points at the ends of the thick horizontal line constitute an ideal free distribution of N 2 ; its individuals have the same fitness in both patches. (B) The densities of the two species at the ideal free distribution (IFD) of species 2 are transferred to a state space of population densities (N 1 ,N 2 ) . The line connecting these two points is a linear estimate of the isocline of species 2 because its individuals have the same average fitness at both points of the IFD. The slope of the line estimates α 2,1 , which is the interaction coefficient of species 1 on species 2.
